We present a survey of CLEO-c open charm results. The unprecedented full data sample includes over 10 million D mesons and approximately 1.2 million Ds mesons. These results substantially extend the reach and understanding of heavy flavor physics. The world community will benefit as results from CLEO-c extend the reach of the Belle experiment at KEK and the LHCb experiment at CERN and lay foundations for the physics program of the BESIII experiment in China.
Introduction
The CLEO-c experiment [1] at the CESR-c (Cornell Electron Storage Ring -charm) e + e − collider has collected large data samples in the charm threshold energy region. Open charm samples have allowed the CLEO-c experiment to have an impact on measurements of the CabibboKobayashi-Maskawa (CKM) matrix elements, improved our knowledge of hadronic D and D s decays, and enabled studies of rare charm processes. Precision measurements of the weak phases that compose the unitarity triangle (α, β, and γ) allow us to test the internal consistency of the CKM model and search for signatures of New Physics. The CKM phase γ is only constrained by direct measurements to (71 +21 −25 )
• [2] . The most promising methods of determining the CKM phase γ exploit the interference within B ∓ → DK ∓ decays, where the neutral D meson is a D 0 orD 0 . The most straightforward of these strategies considers two-body final states of the D meson, but additional information can be gained from strategies that consider multi-body final states. The parameters associated with the specific final states needed for these analyses can be extracted from correlations within CLEO-c ψ(3770) data.
Lattice QCD theory offers the prospect of a systematically-improvable method of calculating hadronic properties from first principles. In the past decade, theoretical and technological advances have allowed Lattice QCD to provide precise predictions that estimate systematic uncertainties reliably. An exciting application of these results allows the extraction of electroweak parameters in the B meson system. However, it is desirable to test them elsewhere, for example in the charm system, and CLEO-c provides excellent data for these tests.
Detector and Data Samples
The CLEO-c detector was a symmetric general purpose detector that provided excellent electromagnetic calorimetry, charged particle tracking and identification, and near 4π solid angular coverage. The experiment is described in detail elsewhere [1] .
The relevant data sets for the following analyses were collected at center of mass energies of approximately 3.77 GeV (the peak of the ψ(3770) resonance) and 4. • through a quantum correlated analysis of completely reconstructed ψ(3770) → DD decays [5] .
Multi-body Decays
The ADS formalism can be extended by considering multi-body decays of the D meson. However, a multi-body D-decay amplitude is potentially different at any point within the decay phase space, because of the contribution of intermediate resonances. It is shown in Ref. [6] how the rate equations for the two-body ADS method should be modified for use with multibody final states. The result is an effective average phase and a "coherence factor" which reflects the dilution of total interference relative to the expectation for a simple two-body decay. CLEOc has measured these for the
, observing significant coherence in the former [7] . S π + π − Dalitz plot analyses are sensitive to the choice of the model used to describe the three-body decay, which currently introduces a model systematic uncertainty on the determination of γ which is greater than 5
• [9] . For LHCb and future Super-B factories, this uncertainty will become a major limitation. A model independent approach to understanding the D decay has been proposed by Giri and further investigated by Bondar [10] , which takes advantage of the quantum correlated D 0 /D 0 CLEO-c data produced at the ψ(3770) resonance.
CLEO-c has performed this measurement for the K 0 S,L π + π − decay [11] and for the K [12] which may also be used in this method. Fig. 1 shows the effect of the CP correlations on the
Impact on γ Measurement
The D 0 → K 0 S π + π − analysis is expected to reduce the current 7-9
• model uncertainties from BaBar and Belle measurements [8, 9] to around 2
• [11, 13] at LHCb. The K − π + and multi-body coherence factor measurements are projected to improve the precision of LHCb in B → DK by 8-35% (depending on unknown B decay parameters) to 2.2-3.5
• after 10 fb −1 of LHCb data taking [14] .
Leptonic Decays and Decay Constants
The decay X + → + ν of pseudoscalar X involves a hadronic current (parametrized by the single "decay constant" f X ) and a wellunderstood Standard Model leptonic current. The branching fraction can be written as:
where V is the relevant element of the CKM matrix connecting the valence quarks of X (V cd and V cs for D + and D Table 1 . The values of input parameters used to obtain these values are listed in the corresponding papers [15, 16, 17, 18] .
Exclusive Semileptonic Decays
Exclusive semileptonic decays are more difficult to parameterize than leptonic decays since there more than two particles in the final state. The partial width for the decay X → X ν, where X and X are pseudoscalars, can be written as:
in the limit where the charged lepton mass is negligible. In Equation 2, q 2 is the invariant mass squared of the ν system, |V | is the relevant CKM matrix element for the weak transition, and f X→X + is a form factor which represents the hadronic physics interactions. As in the leptonic decay case, input for either |V | or f + allows determination of the other. We analyze D → (K, π)e + ν decays [19] in order to determine the form factors in bins of q 2 . Reasonable agreement on the form factor shape and normalization is found with a lattice QCD prediction from the FNAL, MILC, and HPQCD collaborations [20] . A comparison of our results to the theory can be seen in Figure 2 . Using lattice predictions for |f + (0)|, values for |V cd | and |V cs | are also obtained, which are limited by lattice uncertainties. 
